Eight modern wheat varieties (viz., Sourav, Gourab, Shatabdi, Sufi, Bijoy, Prodip, BARI Gom-25 and BARI Gom-26) were evaluated to find out the suitable variety for optimum and late sown condition, to find out heat tolerant and heat sensitive variety and to find out the optimum sowing time for a specific variety. The experiment was conducted in the research farm of Wheat Research Center (25°38´ N, 88°41´ E and 38.20 m above sea level.), Bangladesh, under eight sowing times (viz., 8 Nov., 15 Nov., 22 Nov., 29 Nov., 6 Dec., 13 Dec., 20 Dec. and 27 Dec.). Results showed that wheat sown in November 22 to December 20 was significantly better compared to November 08, 15 and December 27, from the studied aspects of yield and yield components. Considering overall sowing performance of all genotypes Shatabdi is the best, followed by BARI Gom-26 (2nd), Sourav (3rd), Prodip (4th), Bijoy (5th), Gourab (6th), Sufi (7th) and BARI Gom-25 (least). In extremely heat stress (November 08 and December 27) condition Prodip was found to be heat sensitive genotype (yield reduction 41.18 and 28.92%), followed by BARI Gom-26 (yield reduction 41.15 and 22.73%). Both in too early and very late heat stress conditions, genotypes Sourav and BARI Gom-25 were found to be heat tolerant. In very early (November 08), variety Sourav (yield reduction 20.47%) is recommended, followed by BARI Gom-25 (yield reduction 27.91%) and in very late (December 27), Sufi is the best (yield reduction 8.60%), followed by Bijoy (yield reduction 11.05%).
Introduction
Wheat (Triticum aestivum L.) is the most important cereal crop in the world and is a major source of nourishment. In Bangladesh, it is the second major cereal crop after rice. Optimum time for sowing of wheat in Bangladesh is between mid November and first week of December (Hossain and Alam, 1986) , due to its own definite requirements for temperature and light for emergence, growth and flowering (Dabre et al., 1993) . But, about 85% of the total wheat area follows previous rice crop (Saunders, 1991) and over 60% of the total wheat crop is cultivated at late sowing conditions (Badruddin et al., 1994) . In the north-western part of the country, where high lands generally remain fallow after aus rice or jute cultivation, seeding of wheat can be done in early November (heat stress condition). In some areas where wheat is followed by transplant aman rice or soil remains wet due to excessive rainfall, seeding is continued up to January (heat stress condition) (BARI, 2006) . Too early sowing produces weak plants with poor root systems. Temperature above optimum leads to irregular germination and the embryo frequently dies and the endosperm may under go decomposition due to activities of bacteria or fungi. In late planting the wheat variety should be short duration that may escape from high temperature at the grain filling stage (Phadnawis and Saini, 1992) . Ansary et al. (1989) reported that delay sowing suppressed the yield, caused by reduction in the yield contributing traits like number of tillers, number of grains spike -1 and grain yield. Rajput and Verma, (1994) observed that normal sowing gave higher grain yield than late sowing. Early sowing always produces higher yield than late sowing. Each day delay in sowing from 20th November decreases grain yield @ 39 kg ha -1 per day (Singh and Uttam, 1999) . Ahmed (1986) also reported that about 1.3% reduction in grain yield occurs for each day delay after the first day of December. The adverse effect of temperature could be minimized by adjusting sowing time to an optimum date and to find out heat tolerant genotypes, which are suitable for late and very early sown conditions to ensure high grain yield.
Recently, some advanced wheat genotypes were released as varieties by Wheat Research Center of Bangladesh Agricultural Research Institute. These varieties were developed for optimum as well as late sown condition i.e., these genotypes have some heat tolerant characteristics (WRC, 2007) . The newly developed varieties need to be evaluated for their agronomic performance under different environmental conditions. The present study was therefore, undertaken to evaluate the performance of newly released varieties under different heat stress condition, to find out the suitable variety for optimum and late sown condition, to find out heat tolerant and heat sensitive variety and to find out the optimum sowing time for a specific variety.
Materials and Methods
The experiment was carried out during November, 2009 to April, 2010 wheat season in the research field of Wheat Research Center (WRC) of Bangladesh Agricultural Research Institute (BARI), Bangladesh. The area is under Old Himalayan Piedmont Plain designated by Agro Ecological Zone-1. The geographical position of the area is between 25°38´ N, 88°41´ E and 38.20 m above sea level. The soil is sandy-loam and reaction is strongly acidic (pH ranges from 4.5 to 5.5) (WRC, 2007) . The organic matter content of the soil is about 1.0% (Bodruzzaman, et al., 2005) .
The experiment was laid out in split-plot design with 3 replications. The main plots were assigned by 8 sowing dates viz., Nov. 08, Nov. 15, Nov. 22, Nov. 29, Dec. 06, Dec. 13, Dec. 20 and Dec. 27 .
The sub-plots were assigned by 8 varieties viz., Sourav, Gourab, Shatabdi, Sufi, Bijoy, Prodip, BARI Gom-25 and BARI Gom-26. Unit plot size was 1.6×4m. Before sowing, seeds were treated with Provax-200 WP an effective seed treating fungicide containing of Carboxin and Thiram. Seeds were sown at 120 kg ha -1 in lines 20 cm apart. Recommended fertilizer doses, 100-27-40-20-1 kgha -1 of N-P-K-S-B respectively, were applied. Irrigations were applied at crown root initiation, booting and grain filling stages. Intercultural operations were done properly according to treatments. The crop was harvested plot wise at full maturity. The harvested area for each plot was 3 ×1.2 m (3m long 6 middle rows), for avoiding boarder effect. The sample plants were harvested separately. The harvested crop of each plot was bundled separately, tagged and taken to threshing floor. The bundles were thoroughly dried in bright sunshine, weighed and threshed respectively.
Data were recorded on days to physiological maturity, days to harvest maturity, number of grains spike -1 , 1000-grain weight (g), grain yield (t ha -1 ), straw yield (t ha -1 ) and harvest index. The harvest index (%) was calculated according to the following formula.
The data were complied and subjected to statistical analysis. Analysis of variance was done with the help of MSTAT-C computer package (Russell, 1994) . Treatments means were compared for significance by using LSD test at 5% level of probability. The days to day's maximum and minimum air temperatures (ºC), and other weather data were recorded during the wheat growing season and weekly averages were calculated ( Fig. 1) . 2 7 D ec . to 0 2 Ja n . 0 3 to 9 Ja n . 1 0 to 1 6 Ja n . 1 7 to 2 3 Ja n . 2 4 to 3 0 Ja n .
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Results and Discussion
High temperature influenced modification of plant physiological processes. These effects differ from one phonological stage to another. The variations might be due to difference in genetic make-up of the varieties and their interactions with the environment (Islam, 1995) .
Weather conditions during wheat growing period
It is observed from Fig. 1 that crop sown on November 08 and 15, maximum temperature in vegetative stage was near at ≥30°C and minimum was ≤15°C, but at grain filling stage maximum was ≥25°C and minimum was 10 to 12°C (27 December to 20 January). The temperature of vegetative stage in November 08 and 15 sowings are not suitable for good yield, because at vegetative stage maximum temperature was above 30°C, which affected on stand establishment of crop and tillers production, ultimately poor yield. The result is in accordance with Kumer et al. (1994) and Fischer (1990) , who mentioned that in early sown (1 st and 2 nd week of November) crop got unfavorable environment (high temperature) at vegetative stage as a result crop become thinned and produced less tillers, despite of the heading and grain formation stages is favorable, but the crop did not recover the stress which was got at vegetative stage.
Wheat sown on November 22 to December 20, average maximum temperature in vegetative stage, was near at 25°C and minimum was near at 15°C, but at grain-filling stage average maximum temperature was also near at 25°C and minimum was near at 10 to 15°C, which is suitable for good yield in crop. Chowdhury and Wardlaw (1978) stated that optimum temperature for grain development of wheat lies within the temperature range of 10-15°C to 13-18°C and with the increase in temperature from 10-21°C to 25-30°C, grain growth is reduced by 38%, as a result, grain size is reduced significantly.
On the other hand in extremely late sowing (December 27) condition, during germination, minimum temperature was very low ≤10°C and at vegetative stage temperature was maximum ≥25°C and minimum ≤10°C, but at grain filling stage maximum was ≥30°C and minimum was ≤ 18 to 20°C (Mach-April), which was also no suitable for proper growth and good yield. Chowdhry and Wardlaw (1978) , Wardlaw and Wrigley (1994) and Stone and Nicolas (1994) reported that moderately high temperatures (25-32°C) and short periods of very high temperatures (33-40°C and above) during grain filling severely affect the yield, yield components of wheat and barley. Kumer et al. (1994) also reported that the late crop which was sown on extremely late (last week of December) suffered severely from heat stress during grain formation in March leading to abnormal development and poor production, due to shorten of life span.
Days to physiological maturity
Days to physiological maturity decreased significantly from early to late sowing. From Fig.  2 , it can be inferred that, all the variety sown on (08 November) need maximum days for physiological maturity as compared to late sowing (27 December). It was noticed that the variety Shatabdi need highest days to physiological maturity in all sowing condition, closely followed by Sourav, Bijoy, BARI Gom-26, Prodip, BARI Gom-25 and minimum days need for variety Sufi and Gourab (Fig.2) . Days to physiological maturity of wheat cultivars also showed a significant variation due to inherent differences between the cultivars (Shahzad et al., 2007) . Up to 29 November Gourab need minimum and after 29 November Sufi need minimum days to get physiological maturity. Spink et al. (1993) also observed that delayed sowing shortens the duration of each development phase due to rising of temperature.
Days to harvest maturity
It is observed in Fig. 3 , for sowing dates, that trend of days to harvest maturity in late sown crop is statistically similar as days to physiological maturity in early sown crop. It might be due to decreased temperature from early to optimum than increased optimum to late. As a result, early sowing were maturation late, because of low temperature at grain-filling and maturation time and late sowing needed short time for maturation, due to high temperature at grain-filling and maturation time, which reduced the life span of late sown crop (Fig.1) . In all sowing condition, variety Shatabdi need maximum days to get harvest maturity, followed by Sourav and variety Gourab needed minimum, which was statistically followed by cultivars Sufi, Prodip, BARI Gom-25, Bijoy and BARI Gom-26, respectively. Shahzad et al. (2007) reported that Days to harvest maturity of wheat cultivars also showed a significant variation due to inherent differences between the cultivars. On the other variety Shatabdi sown on 08 November needed significantly maximum days to harvest maturity followed by BARI Gom-26. It was noticed that the variety Shatabdi and Sourav needed maximum days to get harvest maturity and variety Gourab needed minimum days to get harvest maturity, except December 27. It was observed that all cultivars sown in early need higher days compared to late sown. Fischer (1990) mentioned that high temperature hastens the development, shortens the duration and reduces the life span of late sowing cultivars from sowing to harvest. 
Number of grains per spike
Number of grains spike -1 is very important parameter contributing toward grain yield. Number of grains spike -1 depends on the length of spike and it is determined by genetic make up and environmental factors prevailing during the growth period. Number of grains spike -1 has a direct bearing on the final grain yield in wheat and varies with growing conditions. The crop sown on December 06 produced significantly higher number of grains followed by December 13 and 27, respectively (Fig. 4) . The crop sown on December 06 may have enjoyed longer duration and favourable temperature ( Fig.1 ) for growth and development as compared to others and produce maximum number of grains spike -1 . The results are inconsistent with those of Ali et al. (1982) . It is observe from the data in Fig. 4 that lower number of grains spike -1 in all variety was recorded at early sowing, it might be due to early sowing exposure of the crop to short duration of low temperature at grain filling stage (Fig. 1) . These results were similar to those of Haq and Khan (2002) and Shah and Akmal (2002) . Incase of cultivars varietals differences regarding number of grains spike -1 was probably due to their differences in genetic make up (Islam, 1995 (Fig. 4) . It might be due to unfavorable environment at floret formation and grain filling stage. It was observed from fig.1 that temperature was very high from emergence to double ridges stage (GSI) of crop, which effect on floret formation, resulted lower grain spike -1 in early sowing crops. O'Toole and Stockle (1991) reported that the sensitivity to high temperature increases as vegetative growth develops and tillering proceeds towards the end of GSI (Emergence to double ridges) stage. The sensitivity to high temperature during this phase is expressed as decreased duration of GS1 (Shpiler and Blum, 1986 ) and reduced leaf area and growth. Reduction in total number of leaves and spike bearing tillers is also an effect of high temperature during this phase (Midmore et al., 1984) . Owen (1971) and Saini and Aspinal (1982) reported that temperatures above 30°C during floret formation cause complete sterility, ultimately reduced grains spike -1 . 
grain weight
Delayed sowing shortens the duration of each development phase, which ultimately reduces grain filling period and lowers the grain weight (Spink et al., 2000) . A subsequent decrease in 1000 grain weight in wheat with delayed sowing was reported by Joarder et al. (1981) . In our present study, it was noticed that November 22 and 29 sowing produced the statistically higher 1000-grain weight and December 27 sowing produced the lowest 1000-grain weight (Fig. 5) . It might be due to favourable temperature at growth stage of crop, especially grain filling stage of November 22 and 29 sown crops (Fig.1) . On the other hand at extremely late sowing (December 27), temperature was very high at grain filling stage which ultimately reduced the grain yield of the crop due to shortens of each development phage. Spink et al. (2000) also observed that delayed sowing shortens the duration of each development phase which ultimately reduces grain filling period and lowers the grain weight. Considering on cultivars highest 1000-grain weight was recorded from Prodip, followed by BARI Gom-25, Bijoy, Gourab, BARI Gom-26, Shatabdi, Sourav and Sufi, respectively. Variety Prodip sown on November 29 produced the highest 1000-grain weight. It was observed variety Prodip produced highest 1000-grain weight in all sowing dates except December 20 and 27 and the lowest 1000-grain weight was recorded from variety Sufi in all sowing dates. It was also noticed that optimum sowing produced higher 1000-grain weight than late sowing (Fig.5) .
The early sowing resulted in better development of the grains due to longer growing period. Similar results was also found by Sofied et al. (1977) , they reported that higher grain weight was observed due to favourable temperature associated with longer grain filling period. Lower 1000-grain weight was found in late sowing (December 20, 27), due to high temperature at growth stage, especially in grain filling stage. These findings are strongly supported by those of Spink et al. (2000) and Shahzad et al. (2002) who had also reported decreased 1000-grain weight with delay in sowing. Similar results have been reported in the past (Qamar et al., 2004; Subhan et al., 2004) . Harvest index Singh et al. (1990) and Sharma and Singh (1991) stated that harvest index is the important traits for selecting high yielding genotypes under normal and late planting condition. High harvest index, which is indicative of efficient utilization of photosynthates, was also associated with high yields under the stress condition (Gifford et al., 1984; Blum et al., 1994) . In our present research, it was found that interaction between dates of sowing and genotypes were significantly influenced for harvest index. Cultivar BARI Gom-26 sown on November 08 15, 22, 29 and December 06, cultivar Sourav Sown on November 08, 29; Gourab sown on November 08, 29 and December 27; Shatabdi sown on December 27 and BARI Gom-25 sown on November 08 and 22 produced statistically similar higher harvest index. Minimum harvest index was recorded from cultivar Shatabdi sown on November 15 (Fig. 6) . Ferris (1998) reported that grain yield and harvest index also declined sharply with maximum temperature (31°C) at 78 DAS. It was found that, the variety which has higher harvest index has higher biomass and has lower grain yield. 
Straw yield
The data revealed that straw yield was significantly affected by cultivars sown on different times (Fig. 7) . The crop sown on November 22 to December 20 produced statistically similar straw yield. The lowest was recorded from variety Sourav, followed by Gourab and BARI Gom-26. Considering on cultivars the highest was recorded from variety Shatabdi. Cultivars Bijoy, Sourav, Sufi and Prodip produced statistically similar 2 nd highest straw yield and BARI Gom-26, BARI Gom-25 and Gourab produced statistically similar 3 rd highest straw yield. Cultivar Shatabdi sown on November 22 produced the highest straw yield which was similar to November 29 and December 06 (Fig.7) . Donaldson et al. (2001) reported that early sowing resulted in higher straw yield due to more number of tillers. These results are in agreement with those of Matuz and Aziz (1991) . The lowest was recorded from BARI Gom-26 sown on November 08, followed by Gourab and BARI Gom-25 sown on November 08. It might be due to high temperature at vegetative stage (Fig.1) . Kumer et al. (1994) reported that the straw yield decreased probably due to the fact that plant got unfavorable environment (high temperature) at vegetative stage, as a result crop became thinned and produced less tillers which in turn decreased the straw yield. 
Grain yield
Heat stress extended the duration of grain filling with reduction in kernel growth leading to losses in kernel density and weight by up to 7% in spring wheat (Guilioni et al., 2003) . Wahid et al. (2007) found that excess radiation and high temperatures are the most limiting factors affecting plant growth and finally crop yield in tropical environment. Sing et al. (1986) found that grain yield of barley decreased at delayed sowing from 10-25 December and 10 January.
Grain yield was significantly influenced by sowing dates in respect of cultivars. Crop sown on December 06 was the highest grain yield, which was statistically similar to December 13, November 29 and 22 sowing. The second highest grain yield was December 20 sowing and the lowest was recorded November 08 sowing followed by November 15 and December 27 sowing. It was observed at early sowing (November 08 and 15) and at extremely late sowing (December 27) that produced lower yield than other sowings, it might be due to high temperature stressed vegetative growth of early two sowing and grain filling stage of extremely late sowing (Fig. 8) . It was noticed that the cultivar Shatabdi produced the highest grain yield, closely followed by BARI Gom-26 and Sourav. The second highest grain yield was resulted from Prodip, which was statistically similar to Bijoy, Gourab and Sufi and the lowest was recorded from BARI Gom-25. Cultivar Shatabdi produced statistically higher grain yield across all the sowing dates with little exception, which was similar to BARI Gom-26, Sourav, while cultivar BARI Gom-26 produced the lowest grain yield across all sowing dates. It was noticed that more than 3 t ha -1 yield was recorded from cultivar Sourav in all sowing dates. All the cultivars sown on November 08, 15 and December 27 (extremely late) produced comparable lower yield than others, it might be due to unfavorable growing condition at these sowing dates. In the present research, in high temperature stress in too early (08 November) and very late (27 December) sowing condition the yield reduction was 20. 47 and 19.69% in Sourav, 33.16 and 13.95% in Gourab, 34.62 and 12.50% in Shatabdi, 34.96 and 8.60% in Sufi, 32.08 and 11.05 in Bijoy, 41.18 and 28.92% in Prodip, , respectively as compared to December 06 (high yield). In extremely heat stress (November 08 and December 27) condition Prodip was found to be heat sensitive genotype (yield reduction 41.18 and 28.92%), followed by BARI Gom-26 (41.15 and 22.73%). On the other hand genotype Sourav and BARI Gom-25 was found to be heat tolerant as compared to yield reduction in both too early and very late sowing condition. In very early (November 08) sowing condition Sourav (yield reduction 20.47%) is recommended, followed by BARI Gom-25 (27.91%) and in very late (December 27) condition Sufi is the best (yield reduction 8.60%), followed by Bijoy (yield reduction11.05%). Hasan (2002) stated that grain yield reduction was 2.6 to 5.8% in heat tolerant and 7.2% in heat sensitive genotypes for each 1°C rise in average mean air temperature from optimum condition during anthesis to maturity.
Conclusion
It can be concluded that grain yield and its components were affected considerably by sowing date. The results showed that wheat sown in November 22 to December 20 was significantly better compared to November 08, 15 and December 27 sowings for the studied aspects of growth and yield. The thermal time required by wheat to reach maturity was nearly constant irrespective of temperature and date of sowing. It is, therefore, recommended that the crop should be sown by November 22 to December 20. Considering overall sowing performance of all genotypes variety Shatabdi is the best, followed by BARI Gom-26 (2nd), Sourav (3rd), Prodip (4th), Bijoy (5th), Gourab (6th), Sufi (7th) and BARI Gom-25 (least). Variety Sourav and BARI Gom-25 were found to be heat tolerant as compared to yield reduction in both too early (November 08) and very late (December 27) condition. Only in very early sowing condition (November 08) Sourav is first recommended, followed by BARI Gom-25 and in very late (December 27) condition Sufi is first recommended, followed by Bijoy.
